The present study compared the taxonomic diversity and evaluated the functional attributes of the bacterial species from Mandovi and Zuari mangrove sediments, Goa, using paired-end amplicon sequencing of 16S rDNA and culture-based analyses, respectively. 16S rDNA sequencing revealed Proteobacteria, Firmicutes, and Actinobacteria as the dominant phyla in both the sediments. However, the abundance of these phyla significantly differed between the samples. Bacteroidetes from Mandovi sediment, and Acidobacteria and Gemmatimonadetes from Zuari sediment were the other exclusive major phyla. Chloroflexi,
Introduction
Mangroves, one of the diverse and biologically productive ecosystems found along tropical and sub-tropical coastal regions, is estimated to cover 17.0 million hectares (ha) worldwide including 121 countries (Aizpuru et al. 2000) . Asia has the largest amount [42%] of the world's mangroves with India contributing an area of 4627.6 sq km (Giri et al. 2015) . In India, Goa occupies 22 sq kms of mangrove-covered areas (http://www.iomen vis.nic.in accessed on 29th June, 2018 ). An area of 700 ha, 900 ha, and 200 ha of mangroves is found along the Mandovi estuary in North, Zuari estuary in South and Cumbarjua canal connecting these two estuaries, respectively (goaenvis.nic.in/mangrove.htm; accessed on 29th June, 2018) .
The mangrove biome is unique due to its high salt-tolerance and adaptive capabilities in harsh coastal environment. In addition, their rhizosphere and surrounding sediments are hotspots of diverse microbial activities which contribute to nutrient assimilation in the mangrove ecosystem (Bai et al. 2013) . The bacteria release nutrients into the water to be used by marine organisms through degradation of detritus produced from the fallen leaves and branches, thereby 1 3 436 Page 2 of 10 transferring the organic matter and energy from the land to marine ecosystems establishing the basis of marine food chain (Bai et al. 2013) . Increasing anthropogenic activities, coupled with a lack of proper infrastructure for protection of the mangroves, has resulted in destruction of the mangroves, sometimes beyond their sustainable potential, thus imposing a threat to this important ecosystem (Cabral et al. 2016) .
Identification of microorganisms that can attribute to augment plant tolerance to adverse climatic and edaphic conditions, and that can aid to increase mangrove productivity under natural conditions by enhancing nutrient absorption, water uptake, mineral utilization, salt-tolerance, and modification of plant structure and functions is very much essential. In addition, the biodiversity of soil microbes is a useful indicator of ecosystem change (Castaneda and Barbosa 2017) . Though there is an upsurge in interest on bacterial diversity of mangrove sediment in recent years, most of the studies on mangroves of Goa relied on the study of individual microorganisms through culture-based assays (Poharkar et al. 2016; Kharangate and; Bhosle 2016) . In modern era of scientific advancements, 'omic' technologies are emerging as potential tools to ensure holistic insight into environmental systems, thereby leading to in-depth understanding of the complex mechanisms in an ecosystem (Sharma and Lal 2017) . It is a revolutionary tool that helps to detect microbes and to decipher their full biological activities within the environmental niche which, otherwise, would have remained unnoticed due to our inability of mimicking their growth conditions under laboratory set-ups. To the best of our knowledge, there is one report on bacterial diversity from mangrove ecosystem of Goa using 454 pyrosequencing which was limited to the diversity of denitrificants only (Fernandes et al. 2015) . However, in-depth phylogenetic analysis of bacterial community from the mangrove sediments can be beneficial for developing a better perception on the ecological role of bacteria in mangrove ecosystem.
Therefore, the first objective of our study was to explore the overall bacterial composition, abundance, and diversity in the mangrove sediments of Mandovi and Zuari estuaries of Goa using 16S rDNA amplicon sequencing on illumina MiSeq platform. This method is significantly reliable in its efficiency to discriminate between similar soil samples in comparison to the other next-generation sequencing technologies [NGS] (Habtom et al. 2017 ). The 427 bp-long V3-V4 region of 16S rRNA was targeted for sequencing, because this region provides more accurate estimates than others for both bacteria and archaea, and has been extensively recommended to be used for the identification of microbiome on illumina Miseq platform that provides short-paired reads of 250 bp (Kim et al. 2011) .
Furthermore, to translate the generated knowledge on taxonomic diversity of bacterial community of mangrove sediments for agricultural and soil remediation uses, bacteria were cultured and were studied for enzymatic activities. The previous studies from these environments mainly focused on metal mitigation and antimicrobial actions among specific cultured bacterial isolates (Kharangate and Bhosle 2016). However, many reports show the prevalence of bacteria in mangrove ecosystems throughout the world with capability of degradation of organic matter, promoting nutrient cycles and plant growth (Soares et al. 2014) . Therefore, in this study, we investigated the biofertilization and bioremediation activities for the cultured isolates to derive a complete picture for the ongoing biochemical activities in these mangrove ecosystems. The isolates were also studied for the production of two important antineoplastic enzymes, asparaginase and glutaminase (Husain et al. 2016; Reda 2015) . This comparison of the microbial consortia with respect to these activities will help to evaluate the importance of these mangrove ecosystems towards biotechnological applications and thereby the need for conservation of its microflora.
Methods
The investigations of this study were carried out on samples obtained at mangrove forests of Ribandar (15.4993°N and 73.8684°E) and Cortalim (15.4058°N and 73.9286°E) along Mandovi (M) and Zuari (Z) estuaries, respectively, during April-May, 2017. Avicennia officinalis and A. alba are the two true mangrove species reported from these two places constituting 80% and 40% of the total mangrove vegetation in Ribandar and Cortalim, respectively; Sonneratia alba (15%) and Acanthus illicifolius (5%) are also found at Ribander mangroves, while Cortalim mangroves are also rich in A. officinalis and A. alba, Acanthus illicifolius, Aegiceras corniculatum, and Excoecaria agallocha (http://www.fores t.goa.gov.in/mgr/ accessed on 26th August, 2018). A total of six cores of sediment samples from the intertidal zone, three cores from each site, were collected from a depth of 2 cm. The sediment cores were collected using a soil-hole borer from at a depth of 2 cm, transferred to sterile plastic containers with the help of sterile spatula, and were taken to the laboratories for analysis within 1 h of collection. A part of the samples to be used for NGS analyses was stored at − 20 °C, and a part of the samples to be used for culturebased analyses was stored at 4 °C. The temperature of each site was recorded in situ, while the pH of the sediment samples was determined by suspending 1 g sediment in 10 ml sterile water. The moisture content of the samples was measured by following the standard protocol (http://www.envir onmen t.nsw.gov.au).
DNA extraction
Sediment samples were submitted to Xcelris Labs, Ahmedabad, for obtaining the NGS data. The procedure involved the extraction of genomic DNA from 1 g of composite mixture of sediments from three cores using Xcelgen Sediment gDNA kit using the indirect lysis method. For this, the sediment samples were homogenized by vortexing with glass beads, followed by precipitation of DNA using isopropanol and column purification of the precipitated DNA; the RNA-free DNA was eluted in 30 µl tris-ethylenediaminetetraacetic acid (TE) buffer. Quality of gDNA was checked on 0.8% agarose gel against Hind III marker (New England Biolabs). The quantity and the purity of DNA was measured using Qubit dsDNA high-sensitivity assay kit (Life Technologies).
MiSeq library preparation, sequence generation, and clustering
The libraries for paired-end amplicon sequencing were prepared following 16S metagenomic sequencing library preparation protocol using Nextera XT Index Kit (Illumina Inc.). The V3-V4 region from the DNA obtained was amplified using adapter-ligated primers (Pro341F; 5′-CCT ACG GGNBGCASCAG-3′ and Pro805R; 5′-GAC TAC NVGGG TAT CTA ATC C-3′), followed by the addition of multiplexing indices (Takahashi et al. 2014 ). The amplicon library was purified on 1X AMpureXP beads (Beckman Coulter), checked on Bioanalyzer 2100 (Agilant Technologies), and quantified with fluorometer (Life Technologies). 10-20 pM of the purified amplicon was loaded onto Illumina platform for cluster generation and sequencing. Primary image analysis and base-calling for the raw FASTQ reads were performed on MiSeq instrument which included the estimation of various quality parameters, and screened using spacer, conserved region, and mismatch filters. The pairedsequence reads for each library were stitched together using a bioinformatics tool called Flash (Magoc and Salzberg 2011) and were filtered of the chimeric sequences using usearch61 algorithm (Edgar 2010 ). The quality-filtered reads with phred quality score (Q) > 30 were used for Operational Taxonomic Unit (OTU) clustering. The sequences with 97% similarity were grouped under a single OTU and each OTU was assigned taxonomically against Greengenes database using UCLUST algorithm v1.2.22q (Edgar 2010) . The metagenomic data were deposited at Sequence Read Archive (National Center for Biotechnology Information, NCBI; https ://www.ncbi.nlm.nih.gov/sra) to obtain accession number (PRJNA362281).
For culture-based studies, 1 g of soil was suspended in 10 ml of sterile water. Bacterial viable counts were obtained by serial tenfold dilution of soil suspension plated onto nutrient agar (NA) medium supplemented with 2% sea-salt and 0.01% cyclohexamide and incubated at 37 °C for 24 h. The colonies with different morphological characteristics were isolated and streaked to obtain pure colonies, and were stored at 4 °C. The pure bacterial cultures were tested for: (1) biochemical activities for use as biofertilizer: plant growthpromoting factor indole-acetic-acid [IAA] production (Ali et al. 2009 ) and phosphate solubilization (Chaiharn and Lumyong 2011) ; (2) enzyme activities for bioremediation: amylase (Gupta et al. 2016) , cellulase (Kasana et al. 2008) , xylanase (Nagar et al. 2012) , lipase (Mobarak-Qamsari et al. 2011 ), protease (Gupta et al. 2016 , gelatinase (Balan et al. 2012) , laccase (Tekere et al. 2001) , and tannase (Brahmbhatt et al. 2014) ; (3) enzyme activities for chemotherapeutic applications: asparaginase (Mahajan et al. 2013 ) and glutaminase (Gupta et al. 2016) . Each test for the bacterial isolates was done in triplicates.
The bacterial isolates which showed more than two potent biochemical activities were sequenced by Sanger sequencing with universal 16S rDNA primers, namely, 27F (5′-AGA GTT TGATCMTGG CTC AG-3′) and 1492R (5′-TAC GGY TAC CTT GTT ACG ACTT-3′) using big dye terminator v3.1 cycle sequencing kit on ABI 3730xl Genetic Analyzer [Eurofins, Goa] (Haldar and Sengupta 2015) . The obtained sequences were trimmed, stitched, and used to identify the bacterial species using Basic Local Alignment Search Tool (BLAST) from NCBI database. The sequences were deposited at GenBank (http://www.ncbi.nlm.nih.gov) to obtain accession numbers (MG255961-MG255977 and MG266442-MG266474). The significant difference in the abundance of bacterial species between the samples was compared using online p value calculator (http://www.graph pad.com/quick calcs /).
Results and discussion
The pH, temperature, and moisture content of the sediment samples from Mandovi (M) were 6.5, 35 °C, and 28% respectively, and from Zuari (Z) were 6.7, 35 °C, and 29.6% respectively.
MiSeq library sizes and the sequence data from M and Z were 605 bp and 603 bp and 262 Mb and 345 Mb respectively. The total number of stitched reads obtained from MiSeq platform was 1,051,918 and 1,381,440, respectively, from M and Z. After quality filtering, the reads obtained from M and Z were 435,958 and 583,906, respectively, which indicated that 41% and 42% of the reads were retained after quality filtering of the raw reads. The bioproject accession number for metagenome sequences is PRJNA362281 and it is accessible in the link https ://www.ncbi.nlm.nih.gov/biopr oject /?term. A total number of 16,760 OTUs were obtained from these reads. Out of these, 13,195 OTUs (78.72%) were assigned taxonomically.
A total number of 12 bacterial phyla and 1 archaeal phylum were identified from these OTUs in both M and Z. The OTUs with low sequence reads (< 5%) were grouped together as minor phyla, while the rest (sequence reads > 5%) were marked as major phyla (Fig. 1i) . Proteobacteria was the most abundant bacterial phylum in both M and Z; the proportion being 57.6 and 50%, respectively (p value < 0.005); followed by Firmicutes (23% in M and 17% in Z; p value < 0.005). The other abundant phyla were Actinobacteria (6.5%) followed by Bacteroidetes (5%) in M and Gemmatimonadetes (9%) followed by Actinobacteria (7.4%) in Z, respectively. Our findings corroborate earlier findings which showed these phyla as the major identified phyla from mangrove sediments of Goa and other tropical regions (Fernandes et al. 2015; Alzubaidy et al. 2016; Ghosh and Bhadury 2018) .
Both Gemmatimonadetes (9%) and Acidobacteria (5.5%) which were observed as major phyla in Z were recorded in low proportion in M (1.5% and 2% respectively). It is noteworthy to mention that abundance of Gemmatimonadetes and Acidobacteria has been reported previously from wellpreserved mangrove sediments (Jiang et al. 2013) , therefore, indicating that the mangrove sediment of Z is ecologically rich than that of M.
Minor components of the bacterial assemblage were affiliated to Chloroflexi (1.5% in M and 1.1% in Z), Cyanobacteria (0.3% in M and 0.4% in Z), Nitrospirae (0.1% in M and 0.3% in Z), Planctomycetes (0.7% in M and 1.4% in Z), Verrucomicrobia (0.3% in M and 0.5% in Z), and WS3 (0.3% in M and 0.5% in Z). This is the first study which has shown the presence of these minor phyla in Goa mangrove ecosystems. However, these have been reported from other mangrove regions of the world through illumina sequencing (Hong et al. 2015; Basak et al. 2015) . A recent study has not only identified Planctomycetes and Chloroflexi but has also highlighted their role in nitrogen cycling from Sundarban mangrove sediments (Ghosh and Bhadury 2018) . Planctomycetes have been reported to be a component of microbial core in mangrove ecosystem taking part in methane and sulphur metabolism also (Rampadarath et al. 2018) .
The difference in distribution of bacteria between M and Z became more prominent with a finer resolution (Fig. 1ii-v) . However, the proportion of unassigned taxa increased with lower taxonomic classification. The major five phyla were sub-divided into 14 classes. Out of these, nine formed major classes, while the other five classes, with a proportion less than 5% in both the samples, were pooled together as one minor class; the latter constituted 3.3% and 7.9% in M and Z, respectively. The rest of the classes which could not be resolved taxonomically were grouped under unassigned class that constituted 0.7% and 1.9% in M and Z, respectively (p value < 0.005) (Fig. 1ii) .
Among the Proteobacteria, the two major classes observed were Gammaproteobacteria (49.02% in M and 34.1% in Z; p value < 0.005) followed by Alphaproteobacteria (6.3% in M and 9.5% in Z; p value < 0.005). Both of these bacterial classes are active participants in carbon, nitrogen, and sulphur cycling, and metagenomic analyses have identified these classes from vast number of mangrove sediments (Dias et al. 2010; Andreote et al. 2012; Fernandes et al. 2015) . In a recent study by Ghosh and Bhadury, similar proportion (68%) of Proteobacteria with persistence of two major classes, namely, Gammaproteobacteria and Alphaproteobacteria, were identified by MiSeq sequencing from Sundarban mangrove sediments. (Ghosh and Bhadury 2018) . Though Deltaproteobacteria formed a major class in Z (5.2%), it was observed as a minor class in M (1.9%; p value < 0.005). It is noteworthy to mention that this group of bacteria was observed in high proportion from pristine Tuvem mangrove ecosystems of Goa previously (Fernandes et al. 2015) .
The class Bacilli that has been previously reported from other mangrove sediments were significantly higher in Z than in M [17% and 6%; p value < 0.005] (Balakrishnan et al. 2015; Mishra et al. 2012 ). Acidobacteria-6 was also significantly higher (p value < 0.005) in Z (3.3%) than M (0.3%). It is noteworthy to mention that Proteobacteria and Firmicutes, identified from other mangrove sediments, have been previously reported to be potent sulphate reducers, nitrate reducers, and methanogens (Fernandes et al. 2015; Alzubaidy et al. 2016; Rampadarath et al. 2018) . Therefore, taken together, abundance of Gammaproteobacteria and higher proportion of Alphaproteobacteria, Deltaproteobacteria, Bacilli, and Acidobacteria in Z indicated Zuari mangrove sediment to be taxonomically rich, with microorganisms showing greater functional activity than that from Mandovi mangrove sediment.
In contrast, the Clostridia were higher in M (17%) than in Z (0.3%; p value < 0.005). Flavobacteriia (3.6% in M and 1.1% in Z) and Acidimicrobiia (5% in M and 4.2% in Z) were the only two functionally important bacterial groups, significantly higher in M than Z (p value < 0.005).
The bacterial classes from both M and Z were resolved into 8 major orders, 12 orders pooled together as 1 minor order (6% in M and 9.6% in Z), and 1 unassigned order (2.2% and 10.5% in M and Z). Pseudomonadales (20%), followed by Clostridiales (17%), were the two major orders of bacteria in M, while Bacillales (16.5%) followed by Oceanospirillales (15%) formed the two major orders in Z. Pseudomonadales was the third most abundant order in Z (8%), thereby indicating a significant difference in distribution of this order between M and Z [p value < 0.005] (Fig. 1iii) . Interestingly, all these groups of bacteria were able to degrade hydrocarbon pollutants and have been detected from urban mangrove forests with elevated anthropogenic inputs of hydrocarbons (Gomes et al. 2008) . One recent study from the sediments of Sundarban, the largest mangrove ecosystem, has identified several sequences belonging to Sphingomonadales, Chromatiales, Alteromonadales, Oceanospirillales, and Bacteroidetes, which are known to play important roles in coastal carbon cycling (Ghosh and Bhadury 2018) .
A high proportion of Rhodobacterales (6.1%) and a low proportion of nitrogen fixing Rhizobiales (1%) were identified from Z (Fig. 1iii) . In contrast, a low proportion of Rhodobacterales (3.6%) was observed in M. However, Rhizobiales were completely absent in this sediment. Rhodobacterales were previously identified from the mangrove microbiome and has been reported to be involved in methane, nitrogen, and sulphur metabolism (Rampadarath et al. 2018) . On the other hand, the pathogenic Vibrionales was found at a proportion of 3.4% in M, but was completely absent in Z. This observation not only indicated the presence of pathogens in mangrove ecosystems leading to contagion of native fauna, but also pointed to a greater incidence of anthropogenic activities and pollution in M. To reinforce this finding, a recent report has also identified pathogenic Vibrio spp. from ten mangrove ecosystems of Goa using culture-based techniques (Poharkar et al. 2016 ). Ten families were ascertained from these 18 orders. The two orders Acidimicrobiales and Gem-2 could not be resolved into families, and were, therefore, grouped as unassigned families (2.7% in M and 6% in Z; p value < 0.005). Moraxellaceae (12.2%), and Alteromonadaceae (9.4%) followed by Clostridiaceae (8.4%) were the three major families in M, while Bacillaceae (15.3%) followed by Halomonadaceae (14.5%), Pseudomonadaceae (7%), and Rhodobacteraceae (6%) formed the major families of bacteria in Z. In addition to Clostridiaceae (9.1%), M also harbored Acidaminobacteraceae (6.1%) as a major bacterial family from Firmicutes. However, in Z, Clostridiaceae (0.1%) was recorded in very low proportion and Acidaminobacteraceae was not observed at all (Fig. 1iv) .
Altogether 14 genera with 9 major, 4 minor (3.4% in M and 3.2% in Z), and 1 unassigned (5.5% in M and 8.8% in Z) from M and Z were observed (Fig. 1v) . Psychrobacter spp. (10.6%) and Halomonas spp. (13.19%) from Gammaproteobacteria were the two dominant genera in M and Z, respectively. Pseudomonas spp. was the second dominant genus with similar proportion in both M and Z (7.5%). Marinobacter spp. (7.3%) and Methylophaga spp. (7.2%) were the other major genera in M and were present in very low proportion in Z (0.1%). Clostridiisalibacter spp. (5.7%) and WH1-8 spp. (6.1%) were the two dominant genera in M, but were not observed in Z at all. On the other hand, Pontibacillus spp. (5.7%) and Bacillus spp. (5.3%) were dominant in Z. Though the former was not found, the latter genus was observed in low proportion in M (2.4%).
Euryarchaeota was the only phylum from Archaea observed in both M and Z. 16S rDNA-based metagenomic analyses have identified this Euryarchaeota previously from other mangrove ecosystems Mendes et al. 2012) . Halobacteria was the class observed from Euryarchaeota phylum (0.6%) in Z.
On the basis of OTUs, the alpha and beta diversity, and species richness and evenness were calculated using the software QIIME [Quantitative Insight Into Microbial Ecology] (Caporaso et al. 2010) . Non-parametric richness indicators, Chao1 index, and observed species richness estimates accounted to 12172.76 and 8477.00 for M, and 16439.8 and 10,728 for Z, respectively, indicating significantly higher bacterial richness in Z (p value < 0.001). Steep gradient of rarefaction and rank-abundance curves obtained for Z depicted higher number of bacterial taxa with uneven distribution in comparison to M (Fig. 2) . Low Jaccard similarity index (0.354) and high Bray-Curtis dissimilarity index (0.861) along with high Euclidean distance (72076.73) between the two sediment samples potentiated the findings, indicating that the bacterial composition between M and Z was very different.
A total number of 60 bacterial isolates: 35 from M, named from M001 to M035 and 25 from Z, named from Z001 to Z025, were isolated on NA plates. These isolates were tested for their Gram characteristics: a total of 43 isolates (71.6%) belonged to Gram-positive rods, while 17 isolates (28.3%) were Gram-positive cocci.
The bacterial isolates from M and Z were compared with respect to their abilities to be used for the biofertilization and capabilities of producing biodegradative and antineoplastic enzymes (Table 1) . It was noted that only one isolate each from M and from Z exhibited the maximum number of biochemical activities, that is 7 out of 13 tests, showing IAA production > 5 µg/ml, phosphate solubilization, cellulase, xylanase, lipase, gelatinase, and laccase activities.
The amount of produced IAA varied from 2 to 8 µg/ml in both M and Z. However, the proportion of bacterial isolates producing ≥ 5 µg/ml IAA were more in M (42.85%) as compared to Z (32.00%). Four isolates (11.42%) from M and one isolate (4%) from Z produced a clear zone indicating phosphate solubilization. The zone diameter varied from 2.4 to 2.7 mm ± (0.22 to 0.34) in sample M, while it was 2.9 mm ± (0.44 to 0.52) for Z sample, respectively. One isolate from M (M002) produced more than 5 µg/ml IAA as well as a clearance zone of 2.5 mm ± 0.39 of phosphate solubilization, thereby indicating that this isolate could be important candidate for biofertilizer formulation.
With respect to bioremediation activities, xylanaseproducing bacteria were significantly more in M (31.42%) than Z (12%; p value < 0.005). The diameter of the zone of clearance for xylanse activity varied between 1.8 and 2.2 mm ± 0.21 in both M and Z. The tannase activity was observed in M only where 45.71% isolates showed the activity with the diameter of produced zone varying from 1.1 to 2.3 mm ± 0.14.
The other five enzyme activities including amylase, cellulase, lipase, gelatinase, and laccase were more in Z than in M (Fig. 3) . The clearance zone diameter produced by the bacterial isolates from Z for amylase, cellulase, and lipase activities varied from 1.6 to 2.2 mm ± 0.16. For gelatinase activity, the zone diameters recorded were around 3 to 3.4 mm ± 0.2.
Four (16%) bacterial isolates showed protease activity from Z, while this activity was not found among the bacterial isolates from M. Out of the four bacterial isolates which showed positive protease activity, three were also positive for gelatinase activity. Though protease activity was not recorded from isolates from M, five of the isolates (14.28%) could degrade gelatin. Eight (22.85%) and twelve (48%) isolates from M and Z could degrade tween 80, while two (5.71%) and ten (40%) isolates from M and Z could degrade tri-butyryl toluene (TBT), respectively. One isolate from M and four isolates from Z could degrade both Tween 80 and TBT.
Eleven (31.42%) isolates from M showed glutaminase activity, while 12% of the isolates (3 isolates) from Z utilized asparagine. Interestingly, asparaginase activity was not found in isolates from M and glutaminase activity was not exhibited among the isolates from Z, indicating the (Fig. 3) . It is noteworthy to mention that this is the first report on glutaminase and asparaginase activities from mangrove sediments. The previous studies have isolated bacterial species showing these activities from other soil samples (Saxena et al. 2015; Bhattacharyya et al. 2007) .
A total number of 50 bacterial isolates: 31 out of 35 (88.5%) and 19 out of 25 (76%) from M and Z, respectively, which showed positive results for more than two biochemical activities, were sequenced and 1.2-1.4 kb of sequence were obtained for each of them. A correlation of the identified species with their biochemical activities is given in Table 1 . The percentage of identity for all the sequenced isolates was 98%-99%. GenBank accession numbers for the identified species are MG255961-MG255977 and MG266442-MG266474, and the details are accessible by the link https ://www.ncbi.nlm.nih.gov/nucco re/. The identified bacterial isolates belonged to the phylum Firmicutes; the latter also being identified as a dominant phylum from both M and Z using Illumina sequencing. The identified Firmicutes belonged to Bacillus spp. . It is noteworthy to mention that Bacillus spp. were also observed as dominant species from Firmicutes from both M and Z by Illumina sequencing and the proportion of this species was observed to be higher in Z than M by both culture-based and NGS methods.
The two species identified from Bacillus genus were Bacillus cereus CCM 2010 (4 from M and 4 from Z) and Bacillus toyonensis BCT-7112 (8 from M and 6 from Z). Lysinibacillus macroides LMG 18,474 (11 from M and 2 from Z) and Paenibacillus xylanilyticus XIL14 (3 from M and 2 from Z) were the two common species present in both the sediments. Two Paenibacillus illinoisensis JCM 9907 and one Paenibacillus pabuli HSCC 492 species were identified in Z. Staphylococcus hominis DM 122 (2 from M and 1 from Z) and Staphylococcus pasteuri ATCC 51,121 (3 from M and 1 from Z) were the two types of species observed from Staphylococcus genus. The isolate which showed the maximum number of positive biofertilization and bioremediation activities in both M and Z was identified as Lysinibacillus macroides LMG18474 (isolate number M002 and Z010 from M and Z, respectively).
Conclusions
This is the first study that explored the bacterial diversity for two major mangrove sediments of Goa: Mandovi and Zuari, using Illumina sequencing and revealed the presence of distinct bacterial consortia in these two sediments. Higher proportion of ecologically important bacterial species from Proteobacteria and Bacillus indicated Zuari mangrove sediment to be an environmentally rich niche, while the presence of pathogenic bacteria Vibrio spp. in Mandovi sediment is indicative of a greater incidence of anthropogenic activities and pollution in the latter. Pollution, particularly in the Mandovi estuary, has risen due to anthropogenic and industrial activities, the major contribution coming from metal (Bicholkar and Nazareth 2015; Ratnaprabha and Nayak 2011), as well as of sewerage, as recorded by the Goa State Pollution Control Board (GSPCB) which has declared the River Mandovi to be the most polluted river in Goa caused by the release of raw sewerage, the off-shore casinos in the estuary forming the main contributors to sewerage contamination, and of rampant dumping of garbage (goaspcb.gov. in/). The analysis of functional attributes identified higher number of bacterial isolates capable of producing biodegradative and antineoplastic enzymes from Zuari sediment, thereby reinforcing the fact that the Zuari mangrove sediment is a rich repository for biotechnologically important bacterial species. Taken together, this study not only is valuable in evaluation of ecology of these regions but also points towards the necessity for restoration of sediment microflora in these mangrove ecosystems of Goa.
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